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W I  ABSTRACT 
Input signals from sensor (S) in a redundancy manage- 
ment system are provided redundantly in parallel so 
that a primary control signal may be selected. Median 
value signals for groups of three sensors are detected in 
median value selectors (30, 32, 34, 36, 40) of selection 
filters (F). The detected median value signals are then 
also compared in a subtractor/comparator (38) to deter- 
mine whether any of them exceed the others by an 
amount greater than the signal level for a failed sensor. 
If so, the exceeding detected medium value signal is sent 
to a control computer (10) as the primary control signal. 
If not, the lowest level detected medium value signal is 
sent as the primary control signal. 
18 Claims, 6 Drawing Figures 
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RECONFIGURING REDUNDANCY 
MANAGEMENT 
ORIGIN O F  THE INVENTION 
The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; U.S.C. 2457). 
DESCRIPTION 
1. Technical Field 
The present invention relates to error detection and 
2. Background Art 
In certain applications where reliability is critical, 
such as in advanced avionic systems, redundant compo- 
nents such as sensors, computers and actuators are used. 
Failures of such components are detected and the sys- 
tem is reconfigured to compensate for the detected 
failure. System reliability thus becomes a function of 
how successfully the redundant equipment can be man- 
aged. Examples of such systems are those of U.S. Pat. 
Nos. 3,895,223, 3,665,173 and 4,084,774. 
In certain situations, sensor null failures occurred 
where a sensor would fail and produce a null or zero 
output plus or minus some specified tolerance level. 
Another type of sensor failure has been termed a har- 
dover failure, where a sensor would fail and provide a 
full amplitude signal. For spacecraft in quiescent flight, 
it has been difficult to detect and identify sensor null 
failures, because nominal vehicle rates of close to zero 
degreeshecond did not differ appreciably from a null 
failure sensor reading. Additionally, during long peri- 
ods of quiescent flight two separate null failures could 
have occurred and gone undetected. 
In U.S. Pat. No. 3,639,778, voting circuits were used 
which operated in accordance with a truth table to 
select the second most positive input signal in one-half 
of the possible input conditions and the second most 
negative input signal for the other one-half of the possi- 
ble inputs. However, situations existed where this selec- 
tion technique would select a failed sensor input signal 
as the proper input signal due to the input selection 
criteria. 
Another technique has been to form some form of 
weighted average value of the various input signals for 
use as a comparison reference, such as in U.S. Pat. Nos. 
3,667,057; 3,681,578 and 3,979,720. However in situa- 
tions where actual sensed values are quite close in mag- 
nitude to the output of failed sensors, the desirability of 
weighted average comparison has been questioned. 
DISCLOSURE OF INVENTION 
Briefly, the present invention relates to the selection 
of a primary control signal for redundancy management 
in a system having a plurality of sensors providing input 
signals redundantly in parallel to at least one control 
computer to provide the computer with the primary 
control signal representing an output from a properly 
operating, rather than a failed, sensor. In the preferred 
embodiment, the sensors are in an aircraft or spacecraft 
avionics system and include accelerometers and gyro- 
scopes for flight control of the craft. The present inven- 
tion may be performed with analog circuitry, digital 
redundancy management of multiple sensors. 
5 
10 
15 
20 
25 
2 
circuitry or in a properly programmed digital com- 
puter. 
Input signals in groups of three from the sensors are 
received and compared so that the median value signal 
of the three input signals can be detected. As used in the 
present invention, median value signal is defined as 
being the one of the input signals which is greater than 
or equal to one of the other two input signals while also 
being less than or equal to the other input signal. 
The detected median value signals are then compared 
to determine if any one of the detected median value 
signals exceeds the others by an amount greater than the 
signal level for a failed sensor. If this is the case, the 
detected median value signal which exceeds the others 
is transmitted to the control computer as the primary 
control signal. If it is not the case, the primary control 
signal transmitted to the control computer is the one of 
lowest amplitude. 
With the present invention the system continually 
reconfigures the redundant sensor inputs so as to. mini- 
mize failure effects on system performance. Dual null 
failures of two sensors or a hardover failure of one 
sensor can be tolerated with the present invention. Fur- 
ther, due to the continual reconfiguration occurring 
prior to any attempt at detection or identification of the 
nature of the sensor failure, redundancy management 
may be performed at a later time and at a slower rate, 
minimizing computation load on the control computer. 
30 BRIEF DESCRIPTION O F  DRAWINGS 
FIG. 1 is a schematic diagram of a redundancy man- 
agement system incorporating the present system 
therein; 
FIG. 2 is a schematic diagram of an apparatus accord- 
ing to the present invention; 
FIGS. 3 and 4 are waveform diagrams illustrating the 
operation of FIG. 2; and 
FIGS. 5 and 6 are schematic circuit diagrams of alter- 
40 native circuitry which may be used in the apparatus of 
35 
FIG. 2. 
BEST MODE FOR CARRYING OUT THE 
INVENTION 
In the drawings, a redundancy management system is 
set forth having a plurality of sensors S providing input 
signals redundantly in parallel to at least one control 
computer 10 to provide the computer 10 with a primary 
control signal representing the output from a properly 
50 operating, rather than a failed, sensor S. In the preferred 
embodiment, the sensors are in an aircraft or spacecraft 
avionics system, although it should be understood that 
the present invention may also be used in other types of 
redundancy management systems, if desired. As is typi- 
55 cal in redundancy management systems, a plurality of 
control computers 10 of like structure and function are 
provided to operate in a parallel arrangement. 
In the preferred embodiment, the sensors S are ar- 
ranged into a number of groups of like number to the 
60 number of control computers 10, with each sensor 
group including a normal accelerometer 12, a lateral 
accelerometer 14, a roll gyro 16, a pitch gyro 18 and a 
yaw gyro 20. 
Each of the groups of sensors S is electrically con- 
65 nected to an individual multiplexer/demultiplexer 22 
which sequentiqlly samples the sensors S connected 
thereto to determine the readings.of such sensors. Since 
the multiplexer/demultiplexer circuits 22 are of like 
45 
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structure and function, they bear like reference numer- 
als in the drawings. 
A plurality of input/output (110) data busses 24 of 
like structure and function are electrically connected to 
receive the readings from each group of Sensors S from 5 
the Plural multiPlexer/demultiPlexers 22 to Provide the 
from each of the groups of sensors in the form of multi- 
ple parallel channels or data streams. 
receives the from the input/output bus 24 
associated therewith and, in a manner to be set forth 
F, in whichever format. In the selection filter F, the 
channels of data from input/output bus 24 are provided 
in groups of three to four median value selector circuits 
or operators 30, 32, 34 and 36. 
The median value selector value operator 30 forms a 
first selector section and receives input signals from 
therefrom, providing same as an input signal A to a 
subtractor/comparator 38. The median value selector 
A selection filter F according to the Present invention 10 operators 32, 34 and 36 form a first selector stage of a 
second selector section and receive input signals from 
the channels as indicated in FIG. 2, each selecting a 
computer 10 associated therewith with data readings channels 1, 2 and 3 and selects the median value signal 
provides the computer lo with a primary 'On- median value signal from the three presented thereto 
sensor* 15 median value selector operator 40 which forms a second 
selector .&age of the second selector section. The me- 
trol signal S S ,  or selected signal, representing an output and providing such median value signals as inputs to a from a properly Operating, rather than a 
The input/output busses 24 further provide the parallel 
Of data from the groups t' a dian value selector 40 selects a median value signal from 
tors 32, 34 and 36 and provides the selected median 
to the subtractor,com- 
identification and recovery 'perator 269 the three presented thereto from the median value selec- which may be any of several conventional types which 
detect failed sensors and provide fault status signals to a 20 
display status indicator 28. The failure detection opera- signal as an input signal 
tor 26 further provides channel selection signals to the 
selection filter F in the event that a failure is detected. 
The failure detection technique depends, of course, on 
parator Operator 38' Each Of the median 
30, 32, 34, 36 and 4o 'perate to indicate a median 
from the three provided thereto in accordance 
the particular type of conventional failure detection 25 with the controls laws defined above. Specific circuitry 
set forth below. and identified. 
have been detected in the failure detection operator 26, lute magnitude of the input signal B is subtracted from 
the selection filter F of the present invention operates to 30 the A and the 
group the channels or input signals from the input/out- result obtained compared in a comparator with a refer- 
put busses % into groups of three, comparing the ence level c, representing the maximum possible signal 
groups of three signals to choose the median value sig- level output of a rate gyro which has failed to null. In 
rial of the three input signals. AS used in the present the event that the absolute value of the input signal A to 
invention, median value signal is defined as being the 35 the subtractor/comParator 38 exceeds the absolute 
one of the input signals which is greater than or equal to value of the input signal B by an amount greater than 
one of the other two input signals while also being less the reference level signal C, the subtractodcowarator 
than or equal to the other input signal. operator 38 provides the signal A as the proper control \ 
In the selection filter F (FIG. 2), the detected median signal S S  to the flight control computer 10. In the event 
value signals are then compared to determine if any of 4o that the results of subtraction do not exceed the sefer- 
the detected signals exceeds the others by an amount ence level C, the lower value input signal B is provided 
greater than the signal level for a failed signal. If this is as the proper control signal S S  to the computer 10. 
the case, the detected median value signal which ex- From the foregoing, it can be seen that the functions 
ceeds the others in such a manner is transmitted to the performed in the subtractor/comparator operator 38 
control computer 10 as the primary control signal. If no 45 automatically selects a rate gyro output which exceeds 
detected median value signal so exceeds the others, the the output of a rate gyro failed to null, and can continu- 
primary control signal transmitted from the selection ally reconfigure even where there are dual null failures. 
filter F to the control computer 10 is the one having the To illustrate, turning now to FIG. 3, the following 
lowest amplitude. charts represent output signals in the selection filter F at 
CHART I tion, for three input signals, a, b, c, the following con- trol laws apply for definition of median value signal 
ALL FOUR CHANNELS OPERATING 
COMPONENT OUTPUT (CHANNEL) signals: 
SELECTOR 30 2 
WHERE b 5 a S c OR c S a S b THEN MVS = a 34 3 
WHERE a 5 b S c OR c S b S a THEN MVS = b 36 3 
WHERE a 5 c S b OR b S c S a THEN MVS = c 40 3 
SUBTRACTOR/COMPARATOR 38 3 
operator 28 used and the number of failures detected for performing this function and processing step will be 
When all four channels are operating and no failures In the subtractor/comparator operator 389 the abso- 
magnitude Of the 
For example, in accordance with the present inven- 5o various times: 
MVS depending upon the relative amplitude of the 
55 32 2 
The selection filter F operates in accordance with 60 
these control laws to provide the control computer 10 
with a proper primary control signal. The functions 
performed by the selection filter F may be implemented 
with a digital circuit, an analog circuit or may be per- 
formed in a properly programmed computer. 65 SELECTOR 30 1 
The operation of the present invention can more 
readily be understood by reference to FIG. 2, which 
indicates the functions performed by the selection filter 40 2 
CHART I1 
CHANNEL 3 FAILS NULL 
COMPONENT OUTPUT (CHANNEL) 
32 2 
34 1 
36 2 
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CHART, 11-continued 
CHANNEL 3 FAILS NULL 
COMPONENT OUTPUT (CHANNEL) 
SUBTRACTOR/COMPARATOR 38 2 
CHART 111 
CHANNEL 2 NOW ALSO FAILS NULL 
COMPONENT OUTPUT (CHANNEL) 
SELECTOR 30 NULL 
32 1 
34 1 
36 NULL 
40 1 
SUBTRACTOR/COMPARATOR 38 1 
Referring now to FIG. 4, the following chart sets 
forth the operation of the selection filter F to detect the 
proper control signal in the event of a hardover failure 
to one of the sensors providing data in the input channel 
thereto. Prior to the hardover failure of channel 3 illus- 
trated in FIG. 4, the output signals from the compo- 
nents of the selection filter F are as set forth in Chart I 
above. 
CHART IV 
CHANNEL 3 FAILS HARDOVER 
COMPONENTS OUTPUT (CHANNEL) 
5 
10 
15 
20 
25 
SELECTOR 30 1 
32 
34 1 
36 2 
40 2 
SUBTRACTOR/COMPARATOR 38 2 
2 30 
Thus, with the present invention, dual null failures or 
one hardover failure can be tolerated while still ensur- 
ing,that the control computers 10 receive a proper con- 
trol signal. 
DIGITAL IMPLEMENTATION 
In FIG. 5, a digital implementation for the median 
value selector 30 operator in the selection filter F is set 
forth to implement and detect the median value signal 
presented thereto in accordance with the operating 
control laws set forth above. Other than the particular 
channel inputs provided thereto, selectors 32,34 and 36 
and 40 are of like function and operation. Suitable 
35 
40 
45 
power supplies and timing and control signals are, of 
course, provided. The input signals are first furnished to 
a bank of comparators by the connection indicated. The 50 
three input signals are also furnished to separate storage 
registers 42, 44 and 46 and are stored therein. A com- 
parator 48 forms a logic “1” if the data on channel 1 
exceeds in magnitude the data on channel 2. Should the 
data value on channel 2 exceed the data value on chan- 55 
ne1 1, the comparator 48 forms a logic “0” output signal. 
A comparator 50 forms a logic “1” output signal only 
when the data value on channel 1 equals the data value 
on channel 2. Otherwise, the output of the comparator 
50 is logic “0”. 60 
A comparator 52 forms a logic “1” output signal if 
the data value on channel 3 exceeds the magnitude of 
the data value of the data in channel 1. Shoul;d the data 
value on channel 1 exceed the data value on channel 3, 
the comparator 52 forms a logic “0” output signal. A 
comparator 54 forms a logic “1” output signal only 
when the data value of the data on both channels 1 and 
3 are equal. Otherwise, the output of the comparator 54 
65 
6 
is a logic “0”. Similarly, a comparator 56 forms a logic 
“1” if the data on channel 2 exceeds the magnitude of 
the data value on channel 3. If the data value on channel 
3, however, exceeds the data value on channel 2, the 
comparator 56 forms a logic “0” output signal. Finally, 
a comparator 58 forms a logic “1” signal only when the 
data value of the data on channels 2 and 3 are equal. 
Otherwise, the output of the comparator 58 is a logic 
The output signals from the foregoing comparators 
are furnished to various gating circuits shown in FIG. 5. 
In view of the number of such circuits and in order to 
preserve clarity in the drawings, the outputs from the 
comparators are assigned identifiers in accordance with 
the following chart: 
“0” output. 
COMPARATOR OUTPUT IDENTIFIER 
48 
50 
52 
54 
56 
58 
I 
I1 
111 
... 
iv 
vi 
V 
Other gates in FIG. 5 receiving these outputs as input 
signals are so designated by corresponding identifiers at 
their input terminals. 
For example, the outputs from the comparators 48, 
50, 52 and 54 are provided to a gating circuit 60 which 
includes AND gate 62 connected to the outputs of com- 
parators 48 and 52 which forms a logic “1” output sig- 
nal provided the conditions indicated at the output 
thereof are present with respect to the data magnitudes 
of channels 1, 2 and 3. The output from the AND gate 
62 is provided as an input to an OR gate 64. 
The OR gate 64 is further connected to a NOR gate 
66 which receives the output signals from comparator 
48 and 52 and provides a logic “1” output signal pro- 
vided the conditions indicated at the output of gate 66 
are fulfilled. The OR gate 64 also receives input signals 
from the comparators 50 and 54 and thus forms a logic 
“1” output signal in the event the condition detected by 
either of comparators 50 or 54 is fulfilled. 
Analysis of the four input signals to the OR gate 64 
indicate that the gating circuit 60 functions to select the 
signal on channel 1 as the median value signal in accor- 
dance with the control laws specified above, since the 
signal level of the signal on channel 1 either equals or 
exceeds the signal level on channel 2 and is less than or 
equal to the signal on channel 3, or conversely, equals 
or exceeds the signal level on channel 3 and i s  less than 
or equal to the signal level on channel 2. In such a situa- 
tion, the OR gate 64 of the gating circuit 60 forms a 
logic “1” output signal which is furnished to an AND 
gate 74 permitting the data contents of shift register 42 
containing the data value of the signals on channel 1 to 
pass therethrough as the median value signal. 
The outputs from the comparators 52, 54, 56, and 58 
are provided to a gating circuit 76 which includes AND 
gate 78 connected to the outputs of comparators 56 and 
52 which forms a logic “1” output signal provided the 
conditions indicated at the output thereof are present 
with respect to the data magnitudes of channels 1,2 and 
3. The output from the AND gate 78 is provided as an 
input to an OR gate 80. The OR gate 80 is further con- 
nected to a NOR gate 82 which receives the output 
signals from comparator 52 and 56 and provides a logic 
7 -  
7 
“1” output signal provided the conditions indicated at 
the output of gate 82 are fulfilled. The OR gate 80 also 
receives input signals from the comparators 54 and 58 
and thus forms a logic “1” output signal in the event the 
condition detected by either of comparators 54 or 58 is 
fulfilled. 
Analysis of the four input signals to the OR gate 80 
indicates that the gating circuit 76 functions to select the 
signal on channel 3 as the median value signal in accor- 
dance with the control laws specified above, since the 
signal level of the signal on channel 3 either equals or 
exceeds the signal level on channel 2 and is less than or 
equal to the signal on channel 1, or conversely, equals 
or exceeds the signal level on channel 1 and is less than 
or equal to the signal level on channel 2. In such a situa- 
tion, the OR gate 80 of the gating circuit 76 forms a 
logic “1” output signal which is furnished to an AND 
gate 90 permitting the data contents of shift register 46 
containing the data value of the signals on channel 3 to 
pass therethrough as the median value signal. 
The outputs from the comparators 48, 50, 56, and 58 
are provided to a gating circuit 92 which includes AND 
gate 94 connected to the outputs of comparators 48 and 
56 which forms a logic “1” output signal provided the 
conditions indicated at the output thereof are present 
with respect to the data magnitudes of channels 1 , 2  and 
3. The output from the AND gate 94 is provided as an 
input to an OR gate 96. The OR gate 96 is further con- 
nected to a NOR gate 98 which receives the output 
signals from comparator 48 and 56 and provides a logic 
“1” output signal provided the conditions indicated at 
the output of gate 98 are fulfilled. The OR gate 96 also 
receives input signals from the comparators 50 and 58 
and thus forms a logic “1” output signal in the event the 
conditions detected by either of comparators 50 or 58 is 
fulfilled. 
Analysis of the four input signals to the OR gate 96 
indicate that the gating circuit 92 functions to select the 
signal on channel 2 as the median value signal in accor- 
dance with the control laws specified above, since the 
signal level of the signal on channel 2 either equals or 
exceeds the signal level on channel 1 and is less than or 
equal to the signal on channel 3; or conversely, equals 
or exceeds the signal level on channel 3 and is less than 
or equal to the signal level on channel 1. In such a situa- 
tion, the OR gate 96 of the gating circuit 92 forms a 
logic “1” output signal which is furnished to an AND 
gate 186 permitting the data contents of shift register 44 
containing the data value of the signals on channel 2 to 
pass therethrough as the median value signals. 
Finally, the single output stage of the MVS selector is 
a triple input OR gate 108 receiving outputs from AND 
gates 74, 90 and 106. 
As has been set forth above, each of the remaining 
median value selectors 32, 34 and 36 and 40 are of like 
construction and function, with the exception of the 
different input channels provided thereto. 
The selector 30 selects the median value signal from 
channels 1 , 2  and 3 and provides such signal as the input 
signal A to the absolute value subtractor/comparator 
38. Further, the selectors 32, 34 and 36 in the first selec- 
tor stage of the second selector station each operate in a 
like manner to the selector set forth in FIG. 5 and select 
the median value signal from the three input signals 
provided thereto, furnishing such median value signals 
to the second selector stage 40 which forms an output 
signal B representing the median value signal of the 
three median value signals selected in the first selector 
4327,437 
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group of the second selector stage. Further, the selector 
40 provides the output signal B as as input to the sub- 
tractor/comparator 38 which functions in the manner 
described above. 
It is evident to those skilled in the art that the new 
and improved operating sequence of steps above per- 
formed in the digital implementation operating in accor- 
dance with the control laws set forth above could 
equally as well be performed in a properly programmed 
10 general purpose digital computer which would perform 
comparisons to determine median value signals between 
two groups of the input signals, determine median value 
signals from each section, subtract the absolute value of 
the median value signals in each section and compare 
15 the subtraction results to a predetermined reference 
level stored in memory to select a primary control sig- 
nal for provision to the control computer 10. 
5 
ANALOG IMPLEMENTATION 
In the event that the present invention is to be per- 
formed on analog signals, input analog data would first 
be provided to an analog-to-digital (A/D) converter 
116 which would convert the input data from each of 
the four channels into digital data which would be fur- 
25 nished as input signals to the digital selector F described 
above in FIGS. 2 and 5 and the proper control signal 
would then be furnished as an input signal to a digital- 
to-analog (D/A) converter 118 where it would be again 
converted into an analog value representing the proper 
30 control signal. Of course, analog comparators and gat- 
ing circuits operating according to the principles of the 
control laws and in the manner of the median value 
selector digital circuit of FIG. 5 could as well be used. 
OPERATION O F  INVENTION 
In the operation of the present invention, input data 
from the groups of sensors S are collected in the multi- 
plexer slot/demultiplexer circuits 22 and provided in 
parallel, redundant groups through the input/output 
40 busses 24 to each of the control computers 10 through 
the selection filters F associated therewith. The selec- 
tion filters F group the input signals into groups of three 
and compare the input signal so that the median value 
signal of the three input signals can be detected. The 
45 detected median value signals from the median value 
selector operators are then compared in the subtrac- 
tor/comparator operator 38 to determine if any of the 
detected median value signals exceeds the others by an 
amount greater than the signal level for a failed sensor. 
50 If this is the case, the excessive detected median value 
signal is provided as the control signal to the control 
computer 10. If the converse is the case, the lowest 
amplitude detected median value signal is provided as 
the proper control signal to the control computer 10. 
Since the comparison level in the comparator 38 
represents the maximum possible output of a rate gyro 
sensor which has failed to null, with the present inven- 
tion, any rate gyro output level which exceeds such a 
maximum possible output is logically selected. Thus, 
60 even in the event of dual null failures during quiescent 
operation, the selection filter F of the present invention 
continually reconfigures around dual null failures, in- 
stantly switching to the proper control signal at the time 
of the first null failure (FIG. 3) and then again at the 
65 time of the second null failure (FIG. 3). It is to be noted 
that with the present invention, reconfiguration by the 
selection filter F to the proper control signal occurs 
prior to detection and identification of the nature of the 
20 
35 
55 
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from the spirit of the invention. 
We claim: 
1. An apparatus for selecting a primary control signal 
for redundancy management in a system having a plu- 
rality of sensors providing input signals in parallel to a 
control computer to provide the computer with a pri- 
mary control signal representing an output from a prop- 
erly operating sensor, comprising: 
(a) selector means for receiving and comparing input 
signals in groups of three from the sensors and 
detecting the median value signal of the three input 
signals; 
(b) comparator means for comparing the detected 
median value signals to detemine if any one of the 
detected median value signals exceeds the others 
by an amount greater than the signal level for a 
failed sensor; 
(c) said comparator means further including means 
for transmitting to the control computer as the 
primary control signal a detector median value 
signal which exceeds the others by an amount 
greater than the signal level for a failed sensor and 
means for transmitting to the control computer as 
the primary control signal the least of the detected 
median value signals when no detected median 
value so exceeds the others. 
2. The apparatus of claim 1, wherein said comparator 
comparator means for comparing the detected me- 
dian value signals to determine if any one of the 
detected median value signals exceeds the others 
by an amount greater than the signal level for a null 
failed sensor. 
3. The apparatus of claim 1, wherein said comparator 
means comprises: 
(a) means for forming a difference signal representing 
the difference between absolute values of the de- 
tected median value signals; and 
(b) means for comparing the difference signal with 
the signal level for a failed sensor. 
4. The apparatus of claim 1, wherein the sensors are 
5. The apparatus of claim 4, wherein the sensors in- 
6.  The apparatus of claim 4, wherein the sensors in- 
7. The apparatus of claim 1, wherein said selector 
means comprises: 
sensors in an avionic system. 
clude accelerometers. 
clude gyroscopes. 
means comprises: 
failure by the failure detection operator 26. Thus, with 
the present invention, null failed or hardover failed 
sensors are disregarded in redundancy management 
until such time as sensor reading rates increase. 
time, the redundancy management techniques (1) an initial selector stage having at least three 
more able to distinguish null output from proper sensor selectors, each for detecting the median value 
outputs and detect rate gyro null failures. Further, with signal of such input signals furnished thereto; and 
the present invention, the redundancy management (2) a further selector stage having as inputs the 
techniques of the present invention permit fast reconfig- median value signals from said initial selector 
uration with minimal processing time required of the 10 stage for detecting the median value signal of 
control computer 10 and with minimal requirements on such input signals. 
the memory resources of the control computer 10, al- 8. The apparatus of claim 7, wherein said comparator 
lowing redundancy management implementation to comprises: 
later detect failures at a slower processing rate. means for comparing the detected median value sig- 
rials from said first selection section and said see- 
vention are illustrative and explanatory thereof, and ond selection section to determine if any one of the 
various changes in the size, shape, materials, compo- detected median value signals exceeds the others 
nents, circuit elements, wiring connections and by an amount greater than the signal level for a 
failed sensor. contacts, as well as in the details of the illustrated cir- 
cuitry and construction may be made without departing 20 9. An apparatus for selecting a primary control signal 
(a) a first selector section for receiving three input 
detecting the median value signal of 
signals; 
( selection section having: 
5 
The foregoing disclosure and description of the in- 15 
for redundancy management in a system having a plu- 
rality of groups of sensors, each sensor group providing 
input signals in parallel to a plurality of control com- 
puter to provide the computers with primary control 
signals representing outputs from properly operating 
sensors, comprising: 
(a) selector means for receiving and comparing input 
signals in groups of three from the sensors and 
detecting the median value signal of the three input 
signals; 
(b) comparator means for comparing the detected 
median value signals to detemine if any one of the 
detected median value signals exceeds the others 
by an amount greater than the signal level for a 
failed sensor; 
(c) said comparator means further including means 
for transmitting to the control computer as the 
primary control signal a detected median value 
signal which exceeds the others by an amount 
greater than the signal level for a failed sensor and 
means for transmitting to the control computer as 
the primary control signal the least of the detected 
median value signals when no detected median 
value so exceeds the others. 
10. A method of selecting a primary control signal for 
redundancy management in a system having a plurality 
of sensors providing input signals in parallel to a control 
computer to provide the computer with a primary con- 
50 trol signal representing an output from a properly oper- 
ating sensor, comprising the steps of: 
(a) receiving and comparing input signals in groups of 
three from the sensors and detecting the median 
value signal of the three input signals; 
(b) comparing the detected median value signals to 
determine if any one of the detected median value 
signals exceeds the others by an amount greater 
than the signal level for a failed sensor; 
(c) transmitting to the control computer as the pri- 
mary control signal as a detector median value 
signal which exceeds the others by an amount 
greater than the signal level for a failed sensor; and 
(d) transmitting to the control computer as the pri- 
mary control signal the least of the detected me- 
dian value signals when no detected median value 
so exceeds the others. 
11. The method of claim 10, wherein said step of 
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comparing comprises: 
4,327,437 
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comparing the detected median value signals to de- 
termine if any one of the detected median value 
signals exceeds the others by an amount greater 
than the signal level for a null failed sensor. 
if any one of the detected median value signals 
exceeds the others by an amount greater than the 
signal level for a failed sensor. 
18. A method of selecting a primary control signal for 
12. The method of claim 10, wherein said step of 5 redundancy management in a system having a plurality 
of groups of sensors, each sensor group providing input 
(a) forming a difference signal representing the differ- signals in parallel to a plurality of control computers to 
Of the detected me- provide the computers with primary control signals 
representing outputs from properly operating sensors, 
(a) receiving and comparing input signals in groups of 
three from the sensors and detecting the median 
value signal of the three input signals; 
(b) comparing the detected median value signals to 
determine if any one of the detected median value 
signals exceeds the others by an amount greater 
than the signal level for a failed sensor; 
(c) transmitting to the control computer as the pri- 
marY control signal a detector median value signal 
which exceeds the others by an amount greater 
than the signal level for a failed sensor; and 
(d) transmitting to the control computer as the pri- 
mary control signal the least of the detected me- 
dian value signals when no detected median value 
so exceeds the others. 
comparing comprises: 
ence between 
dian value signals; and 
level for a failed sensor. 
sensors in an avionic system. 
include accelerometers. 
include gyroscopes. 
receiving and comparing input signals comprises: 
(b) comparing the difference signal with the signal 10 comprising the steps of: 
13. The method of claim 10, wherein the sensors are 
14. The method of claim 13, wherein the sensors 
15. The method of claim 13, wherein the sensors 
16. The method of claim 10, wherein said step of 
(a) dividing the received signals into two groups; and 20 
(b) comparing the input signals of the two groups to 
determine a detected median value signal in each of 
the two groups. 
17. The method of claim 16, wherein said step of 
comparing the detected median value signals comprises: 25 
comparing the detected median value signals from 
15 
the first group and the second group to determine * * * * *  
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